Islet isolation involves enzymatic digestion of the interstitial matrix and mechanical disruption of the tissue. It is possible that a fundamental change of islet biology resulting from the loss of critical factors required for islet function or survival will occur. Extracellular matrix (ECM) is one of the most important components of the islet microenvironment. Reconstruction of the cell-matrix relationship seems to be effective for improving the loss of differentiated islet structure and function. The purpose of this study was to characterize and compare the effects of collagen gel mixture or Matrigel on β-cell function and islet cell survival. After isolation by the collagenase digestion technique, rat islets were divided and cultured with various types of collagen gel mixture. They were assessed for their glucose-stimulated insulin secretion and cell viability. Glucose-induced insulin secretion of islets cultured with collagen type I gel or a mixture of collagen type I and IV was improved after 11 days in culture. In conclusion, a type of gel composed of collagen type I and/ or type IV as an islet microenvironment is sufficient to maintain glucose responsiveness and may be useful for islet transplantation.
INTRODUCTION
Some types of collagen have already proven their capacity to provide a more physiological environment for sev-Islet transplantation has the potential to become an eral cell cultures, with the reorganization or maintenance applicable treatment for insulin-dependent diabetes melof three-dimensional tissue-like structure (8, 11) . In addilitus (IDDM). In contrast to the success of whole pantion, the effect of Matrigel, a basement membrane excreas transplantation, the majority of IDDM patients untract, has been reported; islet cell survival was maindergoing islet transplantation have exhibited only partial tained in culture dishes with Matrigel (12). or transient graft function. Islet transplantation is associ-
We therefore designed the present study to characterated with a high rate of early graft failure, which reize and compare the effects of mixture of various types mains poorly understood. It is probable that the destrucof collagen gels or Matrigel on β-cell function and islet tion of the islet environment and loss of tropic support cell survival. occur during isolation, purification, and the pretransplant culture period, subject to cellular stress impairing MATERIALS AND METHODS β-cell function and survival (16, 17) .
Islet Isolation and Purification Extracellular matrix (ECM) is one of the most impor-Pancreatic islet isolation was performed as described tant components of the islet microenvironment. It is previously (2) . Briefly, the whole pancreas from male found in two forms: interstitial matrix and basement adult Wister rats (250-320 g body weight) was inflated membrane (BM). It is speculated that islet isolation and with Hank's balanced salt solution (HBSS, pH 7.4) conpurification procedures may readily disrupt the celltaining collagenase (Type-XI, Sigma, St. Louis, MO, ECM or BM interrelationship. This may lead to a loss USA) and 1% bovine serum albumin (BSA). Digestion of function and survival of isolated islets. Collagen is recognized as one of the main components of ECM.
was carried out in a stationary water bath at 37°C for 20 448 NAGATA ET AL.
min. The digestion was halted by the addition of cold with several ECM gels were preincubated for 1 h in Krebs-Ringer bicarbonate buffer (KRBB) with 3.3 mM HBSS. The tissue was mechanically dissociated, pelleted, and washed in cold HBSS. Then it passed through glucose containing 0.5% BSA at 37°C, followed by consecutive 1-h exposure to 3.3 mM (low) glucose in a 850-µm steel mesh filter. Finally, the islets were purified by dextran density gradient centrifugation method KRBB. Finally, islets were incubated for 1 h at 16.7 mM (high) glucose in KRBB. Samples for insulin analysis and then islets were hand-picked under a stereoscopy microscope (Nicon, Tokyo, Japan).
were collected at the end of each incubation period. The concentration of the insulin secreted in the buffer solu-Experimental Design tion was likewise measured as described above. We cultured islets freely in RPMI-1640 medium Assessment of Islet Viability (Sigma) supplemented with 10% FBS (Cansera, Inc., Ontario, Canada), 5.5 mM D-glucose, and antibiotics
We performed a cell viability assay based on the si-(Gibco BRL, Grand Island, NY, USA) overnight. Next multaneous determination of live and dead cells using they were divided into six experimental groups and cultwo-color fluorescence: calcein-AM and propidium iotured in each condition. Group 1 was a control group dide (Molecular Probes, Eugene, OR, USA) (7,15). (free islets); islets were freely cultured in RPMI-1640
After the culture medium was removed, the islets mixed with the supplements as above mentioned. About 70 iswith ECM gel were incubated with staining solution for lets per well were placed in suspension culture (22-mm 30 min at 37°C. Working solution was freshly prepared diameter; 12-well plate; Becton Dickinson, NJ, USA).
by diluting in phosphate-buffered saline (PBS) to a final In groups 2 to 5, islets were maintained in the same concentration of 1 µg/ml calcein-AM and 10 µg/ml promedium as group 1. In addition, they were mixed with pidium iodide. Viable cells converted calcein-AM into a each ECM gel on the membrane of Transwell (about 70 green fluorescent product. Dead cells took up propidium islets per well, 12-well plate; Corning) as shown in Taiodide into the nucleus, resulting in intense red fluoresble 1. Islets in each group (n = 3) were cultured in 5% cence. Green and red fluorescence were simultaneously CO 2 , 95% air at 37°C and the medium was changed on visualized using an Olympus fluorescence microscope alternate days.
equipped with a double-pass filter for fluorescein and Texas red.
Measurement of Insulin Secretion
Basal insulin release from cultured islets of all exper-RESULTS imental groups was measured. We obtained the medium Islet Morphology for assessment of insulin release from each group at 2, Following isolation, islet morphology was preserved 4, 9, and 11 days after culture. Before taking the samas a round shape. At about 3 days in culture, some ples, the islets in all groups were cultured for 48 h withspherical cells were seen just beginning to grow out of out changing the medium. The concentration of the insuislets with ECM gels in the experimental groups (groups lin released in the culture medium was measured by 2-6). After 7 days in culture, the islet core in all groups enzyme-linked immunosorbent assay (Insulin-ELISA exhibited various degrees of cell necrosis with the patkit, Shibayagi, Gunma, Japan).
tern of central necrosis. Islets in group 2 (mixed with Insulin secretion by glucose stimulation was also excollagen type I gel) lost their spherical shape as a result amined with the static incubation test at 4 and 11 days of spreading cells out into the collagen gel. In contrast, after culture as described previously (4) . Islets cultured the islet shape in group 6 (mixed with Matrigel) was well maintained, similar to the freshly isolated cells. To examine whether the cultured islets maintain their normal functions, we performed measurement of insulin 1 no addition (free islets) secretion into the culture medium from the islets of each ally, while the value in group 6 remained stable after 11 Analysis of Islet Cell Survival days in culture.
Viability of cultured islets was assessed by double-For glucose responsiveness, a glucose-stimulated influorescence cell viability stains. Freshly isolated islets sulin secretion was examined in all groups on 4 and 11 have little or no central necrosis stained with propidium iodide, resulting in red fluorescence. Most of the cells days in culture. Islets of all groups were stimulated by were visualized by converted calcein-AM to a green flutwo consecutive exposures of low (3.3 mM) and high orescent product (data not shown). (16.7 mM) glucose concentration (Fig. 2) . Exposure of In case of the islets of all experimental groups, the islets to high glucose concentration at day 4 resulted in majority of cells of individual islets cultured in day 11 more insulin secretion in the control group than in the were viable. Especially, most cells of islets in group 6 gel-treated groups, except for group 6 (Fig. 2 ). Glucose-(Matrigel) were observed to be viable (Fig. 3) . Some induced insulin secretion decreased in the control group larger islets in residual groups showed a pattern of cenat day 11. In groups 2 and 4, however, insulin respontral necrosis. siveness was well maintained; in particular, insulin se-DISCUSSION cretion stimulated by high glucose increased sufficiently. In group 6, a marked decrease of insulin release ECM is one of the main components of the microenvironment of cells. It has been recognized as providing and responsiveness was observed similar to group 1. adhesive and support structures and as playing an essen-posed of laminin, collagen type IV, and proteoglycans and also includes a small amount of some growth fac-tial role in maintenance of the differentiated cells. Previous study indicates that ECM provides a valuable sub-tors.
The findings of this study seem to indicate that a strate for growing pancreatic islet cells (13).
The preparation of islet isolation, in particular, enzy-mixture of some types of collagen gel as a microenvironment for islets is sufficient to maintain glucose re-matic digestion of the pancreas, results in the loss of the peripheral basement membrane or interstitial membrane sponsiveness. Moreover, some other components of Matrigel (i.e., laminin, some growth factors, etc.) or of the islet. It is suggested that purity is not essential for engraftment to be achieved. The presence of other cellu-cell-cell interaction to the islet cells may be necessary for maintaining islet cell function and survival. Support lar elements may be critical for engraftment and longterm maintenance of graft function and survival (9). Ad-for this hypothesis comes from other investigations. First, Matrigel exhibits diverse biological activities in-ditional support for this hypothesis is the case of the transplantation of purified preparations of autologous is-cluding the stimulation of tumor growth. It has the ability to induce or maintain differentiation of cultured cells lets. It is reported that most grafts lose their function in early periods (6).
(1,12). Second, there is a trophic interaction between pancreatic duct epithelium and islet cells that produces We demonstrated that cultured islets retained the ability to respond to glucose stimulation depending on a significant reduction in islet cell death. This interaction is indicated as a result of mediation by some growth the type of mixed collagen gel in a three-dimensional culture. Effective components, collagen type I and type factors secreted from duct cells into the culture medium (3) . In addition, cell-cell interaction or cell-matrix in-IV, are expressed on the peripheral site of islets, like islet capsules in some animals (10, 14) .
teraction is suggested to be associated with islet β-cell function. Some receptors on the cell surface involved in With regard to the cell viability, islet cell survival was not maintained in culture with only mixed collagen epithelial cell-matrix interactions mainly belong to the integrin family. It has been reported that localization of gel, whereas Matrigel seemed to be effective for the maintenance of their cellular viability. Matrigel is a α3β1 integrin in the intercellular spaces of islet would make such interactions possible (5, 17) . Further studies basement membrane extract mixture. It is mainly com-creatic fragments autotransplanted to the spleen by venous will be necessary to clarify the necessary microenviron- gen matrix promotes reorganization of pancreatic endocrine cell monolayers into islet-like organoids. J. Cell.
